Objective: The present study was designed to investigate the dosedependent protective effect of L-carnitine (LC) on thyroid hormoneinduced oxidative stress in rat liver tissue.
Introduction
Thyroid hormones are the most important factor involved in setting the basal metabolic rate in target tissues such as the liver, heart, kidney and brain. Therefore, thyroid hormone administration to vertebrates leads to an accelerated basal metabolic rate and oxygen consumption in the target tissues [1] . Both clinical [2, 3] and experimental [1, 4, 5] studies have demonstrated that hyperthyroidism can cause an elevation in oxidative stress, most likely because of increased mitochondrial oxygen consumption. Mitochondria are the main production site of free oxygen radicals in healthy tissues because the leak of these radicals from the mitochondrial respiratory chain and the free oxygen radical production rate can be directly related to the rate of mitochondrial oxygen consumption [6] . The superoxide (O 2 .- ), hydroxyl (HO), perhydroxyl radicals (HO 2 -) and nitric oxide (NO) are the most important free radicals that are derived from oxygen [7] . If not immediately neutralized, O 2 -radicals are converted to other reactive oxygen species (ROS), such as the HO radical and H 2 O 2 , by a classical Fenton reaction in the presence of iron. Because of their high reactivity and non-specific nature, ROS can attack almost all biomolecules present in their vicinity, including membrane lipids, causing oxidative stress in cells [4] . However, the extracellular environment and cells have various antioxidant systems, including enzymatic and nonenzymatic antioxidant (e.g., L-carnitine) molecules. Glutathione peroxidase (GPX), catalase (CAT) and myeloperoxidase (MPO) play an important role in the natural enzymatic defense system that detoxifies H 2 O 2 in water ( Figure 1 ) [8, 9] .
L-carnitine (4-N-trimethylammonium-3-hydroxybutyric acid) is a natural nutrient that transports long-chain fatty acids into the mitochondria, where they are oxidized to produce adenosine triphosphate [10] and prevent the toxic accumulation of long-chain fatty acids [11] . L-carnitine inhibits both the mitochondrial damage induced by oxidative stress and mitochondria-dependent apoptosis in various types of cells [12, 13] . Recent studies suggest that L-carnitine may play an important role in oxidative/antioxidative balance and has an antiperoxidative effect on several tissues [14] [15] [16] .
Recent studies have provided considerable support for the protective effects of L-carnitine against oxidative stress. However, to our knowledge, there is a lack of information in the literature on the dose-dependent protective effect of L-carnitine against the free radical damage induced by hyperthyroidism in rat liver tissue. In this study, we aimed to investigate the dose-dependent protective effect of L-carnitine on thyroid hormone-induced oxidative stress. For this purpose, we designed an experimental study and measured the enzyme activities of GPX, CAT and MPO and the level of malondialdehyde (MDA) in liver homogenates from rats.
Materials and Methods
Adult male Sprague Dawley rats (258±23 g, 8-10 weeks old) were obtained from the Experimental Research Centre of the Atatürk University, Erzurum, Turkey. The animals were housed in metal cages under standard laboratory conditions (controlled temperature of 22-24°C, 12h light/dark cycle) and received water and pelleted food ad libitum. This experimental study was conducted with the approval of the Local Ethics Board of Animal Experiments in Ataturk University.
Experimental procedure
Age-matched rats were divided into four groups and treated as follows. The first group of rats (n=6) served as the control (C). The control rats were injected with corresponding volumes (0.2 ml/100g body weight, subcutaneously) of 0.9% NaCl solution. In the second group (Hyper, n=5), hyperthyroidism was induced with L-thyroxine (Sigma T1775), 250 mg/kg body weight administered subcutaneously for twenty consecutive days [17] . The L-thyroxine solution was prepared as described previously [18] . In the third group (Hyper+LC100, n=5), hyperthyroidism was induced as in the second group. In addition, to test the effect of a lower dose of L-carnitine, L-carnitine treatment was started with a dose of 100 mg/kg/day body weight intraperitoneally (i.p.) to the rats on the tenth day of hyperthyroidism and was continued for the next ten days. In the fourth group (Hyper+LC500, n=5), hyperthyroidism was generated as in the second group. However, to test the effect of a higher dose of L-carnitine, the L-carnitine treatment was started at a dose of 500 mg/ kg/day body weight i.p. on the tenth day of hyperthyroidism and continued for the next ten days. All injections were performed between 10 and 11 AM. During the course of the treatment, the body weights of all rats were periodically measured at the same time of day.
At the end of the experimental procedures, all animals were sacrificed by drawing blood directly from the heart under ether anesthesia on the twenty-first day after the initiation of the study. Liver tissues were rapidly excised, washed with cold 0.9% NaCl solution, blotted, and then frozen at -80°C.
Tissue preparation and biochemical assays
For biochemical assays, the liver tissues were homogenized (10%, w/v) in ice-cold buffers that were appropriate for the variable to be measured, as described previously [7, 19] . The homogenization procedures were performed at 4°C in an OMNI-TH homogenizer (Warrenton, VA, USA). The tissue homogenates were centrifuged at 15,000 g for 15 min at 4°C, and the supernatants were extracted to analyze GPX [7] , CAT [7] , and MPO [19] . The oxidative stress status in the liver homogenates was determined by measuring the level of MDA according to the method described by Yildirim et al. [7] The protein concentrations in the homogenate and supernatant were determined using the Bradford method [20] . The results for GPX and MPO, CAT, and MDA were expressed as U/g protein, k/g protein, and µM/g protein, respectively.
Statistical analysis
For statistical analysis, differences between the groups were tested using the Wilcoxon and the Mann-Whitney U tests in SPSS 18.0 for Windows (SPSS Inc., Chicago, IL, USA). A P value <0.05 was considered significant. All data were expressed as the mean±standard deviation (SD).
Results
The changes in the body weights of the rats during the study periods were summarized in Table 1 . The average gain in weight of the rats in the control group during the 21-day period was 49 grams. As expected, a loss of weight averaging 24 grams was observed in the rats treated with L-thyroxine. In contrast, the rats treated with L-carnitine exhibited a slight increase in body weight throughout the 21-day experimental periods ( Table 1) .
As shown in Figures 2, 3, and 4 , the liver CAT, GPX and MPO activities decreased to a significant extent in the hyperthyroid rats when compared with the control group (76, 40, and 21%, respectively). In contrast, when compared with the controls, the hyperthyroidism in the second group of rats caused a marked increase in the levels of hepatic MDA (59%, P<0.001). However, this increase in MDA levels was prevented by the treatment with L-carnitine ( Figure 5) .
Furthermore, treating the hyperthyroid rats with both low-dose (100 mg/kg) and high-dose (500 mg/kg) L-carnitine for 10 days resulted in a marked increase in the antioxidant enzyme activities in the liver tissue when compared with levels in the rats in the second group. These L-carnitine-induced increases in the activities of MPO, GPX and CAT were more prominent in the high-dose L-carnitine group (Hyper+LC500) than in the low-dose group (Hyper+LC100), but the differences between the groups was not statistically significant (Figures 2, 3, and 4 ).
Discussion
Oxidative stress occurs when cellular antioxidant defense systems are insufficient to keep the levels of ROS below a toxic threshold, which may result from excessive production of ROS, the failure of antioxidant defenses, or both [21] . Earlier experimental and clinical studies have shown that hyperthyroidism caused both an elevation in the production of free oxygen radicals and an abnormal oxidative status of the organism [4, 22] . Rybus-Kalinowska et al. [3] reported that the pre-treatment levels of plasma MDA, which was used as an oxidative stress biomarker, were significantly higher in women with hyperthyroidism and that antithyroid therapy led to the normalization of the plasma MDA levels. Additionally, in another study, Messarah et al. [5] demonstrated that the liver MDA contents rats with experimental hyperthyroidism significantly increased compared with those in the controls. Our results showed that L-thyroxine administration caused a marked increase in the levels of hepatic MDA, as stated in the introduction, most likely by accelerating the basal metabolic rate and oxygen consumption in the target tissues [1] . L-Carnitine is produced from both dietary sources (75%) and endogenous biosynthesis (25%) in the human body [23] . Endogenous L-carnitine is synthesized from lysine and methi- onine primarily in the liver, as well as in the kidneys and brain tissue [24] . Previous studies have indicated that L-carnitine has an important role in oxidative/antioxidative balance as well as in the transport function of long-chain fatty acids into the mitochondria in biological systems [12] [13] [14] [15] . However, the effects of L-carnitine on specific antioxidant enzymes, such as GPX, CAT and MPO, which detoxify H 2 O 2 in water, have been reported independently in a few studies [14, 25] . There are no studies about the dose-dependent protective effect of L-carnitine against the free radical damage induced by hyperthyroidism in rat liver tissue. Cayır et al. [14] examined the effects of L-carnitine at a dose of 500 mg/kg (i.p.) on cisplatin-induced oxidative damage in the liver and kidney tissues of rats. Their data showed that L-carnitine elicited significant protective activity in the liver and kidney by decreasing the levels of MDA and elevating the activities of GPX, suggesting an antioxidant effect from this molecule. This finding was most likely caused by a decrease in the damage produced by free oxygen radicals [14] . Cetinkaya et al. [25] investigated the effects of L-carnitine at a dose of 500 mg/kg (i.p.) on the oxidant/antioxidant status in acetic acid-induced colitis and reported that L-carnitine administration to the acetic acid-treated rats significantly reduced the MDA level and MPO activity, whereas the CAT activity increased in colon tissue. In contrast to the results of Cetinkaya, in our study, two different doses of administered L-carnitine significantly induced the MPO activities in liver tissue. The different results from our data might result from the acetic acid-induced inflammatory process. MPO is a heme-containing peroxidase abundantly expressed in neutrophils. In addition, enzymatically active MPO, together with hydrogen peroxide and chloride, produces the powerful oxidant hypochlorous acid and is a key contributor to the oxygen-dependent microbicidal activity of phagocytes. Therefore, the change in MPO activity can vary depending on whether the number of neutrophil leukocytes increases, as in the case of inflammation. However, in our study, an inflammatory process was not stimulated experimentally.
Aleisa et al. [13] reported that the administration of propionyl L-carnitine at a dose of 250 mg/kg (i.p.) significantly attenuated the nephrotoxic effects of cisplatin, which manifested as a normalization of the cisplatin-induced increase in thiobarbituric acid reactive substances, such as MDA and nitric oxide, and the cisplatin-induced decrease in reduced glutathione in rat kidney tissues. In another study, Derin et al. [26] reported that pretreatment with L-carnitine (100 mg/kg, i.p.) increased the tissue catalase activity and protected the gastric mucosa from ischemia-reperfusion injury by decreasing lipid peroxidation via its lipid peroxidationdecreasing activity. As in earlier reports, in the present study, L-carnitine supplementation at doses of 100 and 500 mg/kg caused a significant decrease in the hepatic lipid peroxidation and an increase in the activities of GPX, CAT and MPO in rat liver tissue. However, there was no significant difference in the reduction of the L-thyroxine-induced oxidative stress between the groups supplemented with low-and high-dose carnitine.
In conclusion, L-thyroxine administration (250 mg/kg, s.c.) caused a marked increase in the MDA levels in the rat liver. A low-dose L-carnitine (100 mg/kg body weight, i.p.) application was sufficient to prevent the L-thyroxine-induced oxidative stress. These effects of L-carnitine may result directly from antioxidant effects against free oxygen radicals or from enhanced biosynthesis of enzymatic antioxidants, such as GPX, CAT and MPO.
